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SLOPE STABILITY OF BIOREACTOR AREA 

PURPOSE 

The purpose of this calculation is to evaluate the slope stability of the bioreactor configuration 
of the Maplewood landfill. This bioreactor program is being operated under the EPA's XL 

program. To get the landfill to operate as a bioreactor, a significant amount of water needs to be 
added to the waste mass. This water will be added through the use of gravity fed trenches. The 
addition of water to the waste mass is expected to increase the weight of the mass as well as the 

pore pressures in the waste mass. This calculation examines the stability of the existing slope with 
the addition of the water. 

The slope stability analysis is performed to verify that the idealized configuration has an 

adequate factor of safety against failure under static loading conditions. According to technical 
manual published by the USEPA entitled "Solid Waste Disposal Facility Criteria" [USEPA, 
1993], the minimum recommended factor of safety against slope stability failure for permanent 
conditions is 1.5. The current standard of practice when examining pseudo-static conditions is to 
evaluate the displacement along the slip surface; a displacement of less than 1 foot is considered 
to be satisfactory [Seed and Bonaparte, 1992]. 

SELECTION OF CRITICAL CROSS SECTION 

Figure 1 shows the area in which liquid will be added to the landfill. In examining this 
Figure, a potential critical section exists at each of the outward facing slopes. The north and west 

facing slopes have a perimeter berm located at the limit of waste. The south facing slope is 
buttressed by the existing waste mass located in Phase 3. The east facing slope is not buttressed 
by a perimeter berm or adjacent waste cells and is therefore selected as the critical cross section. 
Figure 2 is an idealized representation of the critical cross section. 

The liquid application trenches to be used in the bioreactor operations are modelled as a 4 
foot thick layer of stone with a phreatic surface located at the top of the liquid application trench. 
The phreatic surface is assumed to have sideslopes of 1 horizontal to 1 vertical; the waste located 
under and adjacent to the liquid application trench is influenced by this phreatic surface. The 

liquid application trench will be located at least 50 feet from any outward facing slopes and will 
be located at least 2 feet under the surface of the landfill. 
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METHODS OF ANALYSES 

The stability factor of safety of the typical cross section is analyzed using limit equilibrium 
theory along with the methods of slices. The computer program XSTABL [Shanna, 1996] was 
used to perform the analysis. The procedure consisted of analyzing numerous potential failure 
surfacesto find the critical failure surfacethat results in the minimum factor of safetyfor the slope. 

For the slope stability case analyzed in this calculation, a circular slip surface is evaluated 
using Janbu's method. In this analysis, the slip surface is allowed to passthrough the underlying 
soil. A simplified seismic loading analyses (i.e. pseudo-static slope stability analysis) is also 
performed for the cross section. The pseudo-static analysis method assumesthat the entire soil 
mass is subjected to the maximum horizontal acceleration (MHA) for the site and assumesthat 
there are no soil amplification effects (the MHA in the bedrock is the same as the MHA in the 
landfill foundation soil). The MHA is defined as the accelerationwith a 90 percent probability of 
not being exceededin 250 years. The MHA in bedrock for the Maplewood site is estimated to be 
0.23 g, as indicated in Figure 3 [Algerrnissenet. al., 1990]. 

) . 

The method used to estimate the displacement along the slip surface was obtained from 
published literature [Makdisi and Seed, 1978]. This method involves calculating the horizontal 
acceleration that results in a factor of safety of 1; this is referred to as the yield acceleration. The 
ratio betweenthe yield accelerationand the maximum acceleration-(foundusing Figure 4) is used in 
conjunction with a designchart to estimatethe displacementalongthe slip surface. 

MATERIAL PROPERTIES AND ASSUMPTIONS 

The soil material and interface properties used in the slope stability analysis are 
summarized in the Table 1. These parameters are similar to those used in the original permit 
application [Donohue, 1991]. The waste properties are based on bi-linear failure envelope 
[Kavazanjian et al, 1995]. In this failure envelope, the waste has a cohesion value of 500 psf up 
to a normal stress of.770 psf, above a normal stressof 770 psf, the waste has a friction angle of 

33°. 
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Table 1. Material properties used in liner slope stability analyses. 

Unit Cohesion Friction 
Material Wei ht(lb/ft3 ( sf) An Ie 

Cover soil 130 500 150 
Waste ( ) 80 500 330 

Critical liner interface 125 0 100 
Foundation soil 110 950 250 
Trench gravel 120 0 300 
Water 62.4 NA NA 
(1) bi-linear failure envelope based on Kavazanjian et al 1995 

(2) 60-mil thick textured HDPE Geocomposite Drainage Layer/prepared subbase. 

RESULTS OF ANALYSES 

Slope stability analyseswere performed for the cross section shown in Figure 1. Table 2 
provides a summary of the factors of safety that were obtained in this analysis. 

Table 2 -Results of liner stability analyses 

Factor of Safe 

Janbu-Static (Attachment A) 

Existin conditions 1.62 ( h_ase2 

With liquid application 1.62 (phase2p) 
trench 

Based on the static analysis conducted for the interim slopes, the computed factor of 
safety is 1.62, which is greater than the minimum value of 1.5 recommended by the USEPA 
[1993]. This is the same factor of safety as for the casewhere leachate is not recirculated. The 
reason that the factors of safety are the same for both of these casesis that the critical failure 
surface for both cases is located outside the anticipated zone that would be wetted by liquid 
application during recirculation events. Therefore, the addition of liquid does not change the 
location of the critical surface and the factor of safety remains the same as for existing 
conditions. 

The displacementalong the slip surface of the landfill is estimated for the critical pseudo-
static casepresented above. To find the displacement along the slip surface of the landfill, the 

MEOI69/SLOPSTAB,DOC 



--

.


~I~:~~ GEOSYNTEC CONSULTANTS Page 4 
.~.~ 

of 4 
i---=-

Written by: Doug Mandeville Date: 1/15/01 Reviewed by: Bill Steier Date: 1/15/01 

Client: WM Project: MaplewoodXL Proj./ProposalNo.: MEO169 TaskNo.: 05 

horizontal acceleration that produces a factor of safety of 1 is calculated through a trial and error 
approach using XSTABL. The XST ABL output for that resulted in a factor of safety equal to 1 
is provided in Attachment C (filename phase2pl). A horizontal accelerationof 0.20 g results in a 
factor of safety equal to 1.0. This is referred to as the yield acceleration. The ratio between the 
yield acceleration and the maximum acceleration is used in with Figure 4 to evaluate the 
displacement of the landfill. From Figure 4, when the ratio between the yield and maximum 
acceleration is 0.9, the maximum displacement of the landfill (corresponding to a mfignitude 8.25 
earthquake) is 0.25.4inches. This is less than the recommended value of 12 inches [USEPA 
1995]; therefore, the land,flll design is s~tisfact~ry. 

..". '. . , . 
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